Lifetime distribution analysis were performed to study the influence of Leu configuration in position 5 on changes of the peptide chain of cyclic analogues of enkephalins containing a fluorescence donor and acceptor in different solvents. The configuration change of Leu5 in all the analogues of enkephalins studied which contain donor-acceptor pairs has no apparent influence on Trp lifetime distributions. In contrast, there is a significant solvent effect on the shape of lifetime distribution.
The opioid system plays a crucial role in analgesic action. The main elements of this system are endogenous peptides (enkephalins, endomorphins, b-endorphin, dynorphins) which are the natural ligands for opioid receptors (m, d, k). The m-opioid receptors have a great significance in analgesic action. Structure-biological activity analysis of opioid peptide analogues has shown that rigidifying the peptide chain (which is accomplished by cyclization) results in an increase of their affinity for opioid receptors, probably by stabilizing the bioactive conformation(s) [ tual orientation and the distance between the aromatic side chains, as well as their mobility are also important [3] [4] [5] [6] [7] [8] . In conformational studies of the opioid peptides, NMR and fluorescence spectroscopy methods and theoretical calculations are widely used. Fluorescence lifetime distribution analysis is one of the fluorescence methods used in the determination of the conformational space of the fluorophores [9] [10] [11] [12] . This method gives information on conformational differences of the main peptide chain, (number of modes of distributions) and conformational freedom of the chromophores which characterize a particular family of conformations (width of the distributions). Although this method gives only a qualitative description of the conformational space, it enables a comparison with the data obtained with other methods, (for example, Förster resonance energy transfer (FRET) [13, 14] or molecular dynamics [3, 5, 15] ). The FRET methods give qualitative information about distance and distance distribution between chromophores, but it is restricted by the assumption of a given functional form of the distribution (Gaussian or Lorentzian). This limitation is not imposed in the case of the lifetime distribution methods based on the maximum entropy approach. We applied the lifetime distribution analysis of the tryptophan fluorophore to study the influence of the solvent (H 2 O, MeOH, MeCN and Me 2 SO) and the configuration of leucine in position 5 on the conformation of the following cyclic analogues of enkephalins containing a fluorescence energy donor (Trp) and acceptor (Dns or Phe(p-NO 2 )):
The structure of the cyclic enkephalin analogues studied is presented in Fig. 1 .
The selection of two enkephalin analogues differing in Leu 5 configuration for this studies was caused by their different biological activity [5] . In our studies we used the solvents possessing diverse polarity and ability to hydrogen bond formation to mimic the possible microenvironment of the receptor pocket.
THEORY
The theory of lifetime distribution calculation is described in many papers [9-11, 16, 17] ; therefore we present only a brief description here. Fluorescence intensity decays are usually described as sums of individual exponentials. The intensity decay following an infinitesimal pulse excitation (d-function) is described by:
where t i , i = 1,2,3, are the individual decay times and a i , i = 1,2,3, the associated pre-exponential factors normalized to unity
Now let us consider an alternative model in which the a i , i = 1,2,…, values are not discrete amplitudes corresponding to decay times t i , i = 1,2,…, but are described by a continuous distribution a(t). The intensity decay then contains components of each lifetime (t) with amplitude a(t). The total fluorescence intensity decay I(t) is expressed by Eqn. used [10, [16] [17] [18] . An alternative approach is not to assume any functional form of a(t), but to determine it from the experimental data. This approach is superior in that it makes no assumptions about the shape of the distribution. Two general algorithms: the maximum entropy method [11, 12, [19] [20] [21] [22] and the exponential series methods are used for such calculations [23, 24] . For time-correlated single photon counting the measured fluorescence decay F(t) is a convolution of the instrument response function R(t) and the intensity decay function I(t):
where d is the time shift parameter which takes care of the experimental or computational artifacts which cause an artificial time-shift of the calculated function with respect to experimental data. I(t) is the theoretical intensity decay function, a continuous distribution of lifetimes, as described in equation (2) . a(t) is the distribution function which is to be determined. The quality of the fit to experimental data is checked by the c where F c (t i ) is the calculated fluorescence decay at time t i , F e (t i ) is the measured decay at time t i , s i is the standard deviation for the i-th data point and M is the number of the degrees of freedom. Usually the good criterion of c 2 » 1.0 could be obtained for many different distributions of a(t). The optimum is the one which fits data adequately (c 2 » 1.0 ) and maximizes the value of the Shanon-Jaynes entropy function S, as defined below:
where p i = a i /Sa i . If there is a priori knowledge about the distribution (m i ), equation (5) is modified as follows:
If the c 2 criterion is satisfied for many distributions, then the maximum entropy criterion selects that distribution which contains the minimum number of peaks of maximal width in the distribution.
MATERIALS AND METHODS

Synthesis. Linear precursors of peptides (Dns-[L-EN], Dns-[D-EN], F(NO 2 )-[L-EN], F(NO 2 )-[D-EN])
were synthesized by solid-phase methodology using the Fmoc chemistry [25] . The cyclization was performed using HBTU [26] . The peptides were purified by means of the preparative RP-HPLC. The homogeneity and molecular constitution of the compounds were assessed by analytical RP-HPLC and FAB-MS, and 1 H-NMR COSY spectroscopy. Time-resolved fluorescence measurements. Fluorescence decay times were measured using a time correlated single-photon counting apparatus at the Laboratory of Ultrafast Laser Spectroscopy, Adam Mickiewicz University (Poznañ, Poland). The excitation source (l ex = 280 nm) was a pico/femtosecond laser system (Ti:Saphire "Tsunami" laser pumped with an argon ion laser "BeamLok" 2060) [27] . The emission was detected with a magic angle polarizer at an emission wavelength of l em = 340 nm. A Ludox solution was used to collect the instrument response. All measurements were performed at 20°C in water, methanol, acetonitrile and Me 2 SO. For lifetime distribution calculation the software provided by Edinburgh Analytical Instruments was used.
RESULTS AND DISCUSSION
If the donor and the acceptor remain at a fixed distance the decay of the donor is accelerated by energy transfer, without changing its mono-exponential time dependence. However, if there is a range of donor-acceptor distances, then a range of transfer rates, and hence a distribution of decay times should be observed. If two unique distance distributions are present one should expect a bimodal time distribution. To check how the solvent and different Leu configuration in position 5 influence the distance between the donor in posi- Vol. 48 Fluorescence decay time distribution analysis of cyclic enkephalin analogues 97 tion 4 (Trp) and the acceptor (Dns or Phe(NO 2 )) in position 1 in the cyclic analogues of enkephalin considered in this study we measured the fluorescence decay times of the donor in the presence of the acceptor in four different solvents (H 2 O, MeOH, MeCN, Me 2 SO). Fluorescence lifetime distribution parameters for cyclic enkephalin analogues containing the energy donor (Trp) and the acceptors (Dns or Phe(NO 2 )) calculated on the basis of the measured fluorescence intensity decay are presented in Table 1 and in a graphical form in Figs. 2 and 3 . The presence of the energy acceptor results in a significant decrease of the fluorescence lifetime of tryptophan compared to the isolated donor [28] . acids in positions 1 and 4 are highly mobile, especially in the dansyl analogues. In solvents more polar than MeOH or MeCN the number of conformational families increases. The ability of water molecules to break the intramolecular hydrogen bonds increases the conformational freedom of the main peptide chain. The narrower lifetime distribution of the dansyl containing enkephalin analogues in more polar solvents (water and Me 2 SO) may be associated with the tendency of hydrophobic aromatic side chains (Dns and Trp) to sticking to the main peptide chain, which is less hydrophobic than the solvent.
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